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Abstract: Little is known on how vitamin D status is affected by adherence to UVB-limiting sun
exposure guidelines. Our aim was to investigate the relationship between adherence to the Danish
sun exposure guidelines and vitamin D status. In total, 3194 Danes (2625 adults, 569 children) were
recruited among the general population, and more than 92% had blood samples taken both autumn
and spring. Using linear regression, we associated serum vitamin D concentrations to questionnaire
responses on: seeking shade, wearing a sunhat, wearing protective clothing or using sunscreen.
The odds ratio (OR) of either low (<25 or 50 nmol/L) or adequate/high (ě50 nmol/L) vitamin
D status was examined using logistic regression. For adults, those who always sought shade or
wore protective clothing compared to those who did not had lower levels of vitamin D (autumn
concentrations for shade: 7.2 nmol/L lower (´11.0–´3.6 nmol/L); for protective clothing: 9.9 nmol/L
lower (´13.6–´6.2 nmol/L). Adherence to all four guidelines was also associated with lower vitamin
D concentrations (autumn: 9.7 nmol/L lower (´14.3–´5.1 nmol/L). Use of sunscreen was associated
with adequate vitamin D status, as those who always sought shade compared to those who did not
had an OR (95% CI) of 1.68 (1.25–2.35) of having ě50 nmol/L during both spring and autumn. No
associations were found with wearing a sunhat, and there were no clear associations for children. In
conclusion, adherence to the sun exposure guidelines on shade and protective clothing was associated
with lower vitamin D status among Danish adults, but not children.
Keywords: skin cancer; StatusD; sun exposure guidelines; vitamin D
1. Introduction
Vitamin D production is highly dependent on solar exposure, and it is estimated that between
80% and 90% of our vitamin D status stems from UVB-induced production [1]. However, prolonged
exposure to UVB radiation is also the major risk factor for both non-melanoma skin cancer and
malignant melanoma [2]. During 2009–2013, more than 2000 new cases of malignant melanoma were
diagnosed in Denmark, and more than 250 deaths were registered annually [3]. The Danish Sun Safety
campaign entitled “Reduce your sun exposure between 12 and 3 p.m.” was launched in 2007 with the
goal of reducing skin cancer incidence. The campaign includes four guidelines that focus on seeking
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shade, wearing a sunhat, wearing protective clothing and using sunscreen. These guidelines aim to
limit Danes’ sun exposure during the time of day with the highest UV-index and should be applied
whenever the UV-index is above three [4,5]. Sun exposure guidelines and protection programs also
exist in several other countries, including the UK [6], Australia [7] and the US [8], and the World
Health Organization (WHO) also advocates healthy sun behavior [9].
Insufficient vitamin D status may be related to several undesirable health consequences with
regard to bone and skeletal development [10], and numerous studies have also related low levels
of vitamin D to several chronic diseases, including cancer, heart disease, diabetes, and multiple
sclerosis [11–13]. However, the literature is inconsistent on the association between vitamin D and
incidence, prognosis and mortality of these chronic diseases. Some of the studies have even indicated
that the association may be U-shaped, meaning that not only is there an increased risk among those
with very low levels of vitamin D, but also among those with very high levels [14–16].
It is, however, well-known that vitamin D plays an important role during growth, and that
a sub-optimal vitamin D status throughout childhood may increase the risk for later osteoporosis
development [17]. For this reason, concern has been raised regarding negative impacts of the UVB
exposure-limiting attempts on vitamin D status, since vitamin D production is directly related to
sunlight exposure. Furthermore, in Denmark, many children’s day cares have sun exposure guidelines
to limit harmful UVB exposure, and there have been concerns that this may negatively impact the
vitamin D status of young Danish children.
It is therefore a delicate balancing act to ensure optimal vitamin D synthesis for bone growth
as well as other vitamin D demanding biological functions while limiting the risk for particularly
malignant melanoma. Sufficient vitamin D concentrations are produced in the summer even by short
outdoor exposure times [18], but complete adherence to the sun exposure guidelines could theoretically
lead to lower vitamin D synthesis caused by lower sun exposure. Little is known on how adherence
to the guidelines is associated with vitamin D status, and our aim was to investigate the relationship
between adherence to the Danish sun exposure guidelines and vitamin D status.
2. Methods
2.1. Study Description
The StatusD study was established in 2012–2014, and participants were randomly recruited from
the general population in three major regions in Denmark (Copenhagen Central area (63%), Odense
(19%), and Kolding (18%)) using the Danish Civil Registration System [19]. The study was approved
by the Regional Ethics Committee in Copenhagen (H-4-2012-068), and all participants gave written
consent at the onset of the study. Inclusion criteria to the study were: age between 2 and 69 years
and not included in any of the groups who are recommended to take vitamin D supplements by
the Danish Health Authority [20]. This covers persons: (1) with dark skin; (2) who wear protective
clothing or covering during the summer (e.g., due to religious reasons); (3) who are rarely outside or
actively avoid sunlight; (4) who live in a nursing home; or (5) who are at increased risk of developing
osteoporosis. Vitamin D supplements are also recommended during pregnancy, and pregnant women
could therefore not be enrolled in the study; however, they were still encouraged to have their second
blood sample drawn if they became pregnant between the two samplings.
Participants were invited by letter to participate in the study, and we contacted individuals and
families separately. Families were defined as consisting of at least one person above 18 years and one
child below 18 years; however, there was no upper limit on number of family members. Thus, a letter
that was sent to a family could potentially reach and invite all family members living at the same
address (i.e., between 2 and 10 persons per letter). It is therefore difficult to accurately determine a
participation rate for StatusD, as we do not know the exact number of potential participants. As shown
in Figure 1, we sent a total of 24,912 letters, and 3900 persons agreed to participate.
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Figure 1. StatusD participant recruitment. DHA: Danish Health Authority. 
Of the 3900 persons who signed up to participate, 3408 persons came to the study center and 
had at least one blood sample drawn; more than 92% had blood samples drawn at both autumn and 
spring blood collections. Use of supplements containing vitamin D was not cause for exclusion for 
the majority of the StatusD participants. However, of the 3408 persons in StatusD, 62 persons were 
excluded  after  indicating  on  their  questionnaire  that  they  consumed  vitamin  D‐containing 
supplements due to one of the abovementioned criteria set forth by the Danish Health Authority. Of 
these 62 persons, 3 answered that they had dark skin, 4 wore protective clothing or covering during 
the  summer,  39 were  rarely  outside  or  actively  avoided  sunlight,  14 were  at  increased  risk  of 
developing  osteoporosis,  and  2 were  pregnant  at  time  of  inclusion. A  further  87  persons were 
excluded, as they did not complete an autumn questionnaire, where the questions on sun behavior 
were included. The analyses in this paper are limited to sun behavior on a day off, as we believe this 
to be a better reflection of a person’s true sun behavior than on workdays. Therefore, a further 65 
persons were excluded as they responded that they were not outside at any time on a day off during 
the week. The  total  study population  for  this paper  is  therefore 3194 persons, encompassing 569 
children (<18 years) and 2625 adults (≥18 years). 
2.2. Measurement of Vitamin D Status 
Serum samples were analyzed for 25‐hydroxyvitamin D (25(OH)D, hence denoted vitamin D) 
concentrations as the sum of 25(OH)D3 and 25(OH)D2) as previously described [21] at Statens Serum 
Institute.  This  was  done  by  liquid  chromatography‐tandem  mass  spectrometry  (LC‐MSMS, 
Copenhagen, Denmark)  in  positive mode  using  the  “MSMS  vitamin D”  kit  from  Perkin  Elmer 
(Waltham, MA, USA). Statens Serum Institute participates in DEQAS (Vitamin D External Quality 
Assessment program). 
The samples were run in a randomized order, but spring and autumn samples for each person 
were analyzed in the same run. All samples were measured by single determination. The precision 
study included 5 runs conducted by 1 operator. Within‐run precision was calculated from 3 replicates 
for each sample, and between‐run precision was calculated from the average values for each run; the 
total coefficient of variation was below 15%. 
2.3. Questionnaire Information and Exposure Definition 
i . t t ti i t it t. : i lt t it .
Of the 3900 persons who signed up to participate, 3408 persons came to the study center and had
at least one blood sample drawn; more than 92% had blood samples drawn at both autumn and spring
blood collections. Use of supplements containing vitamin D was not cause for exclusion for the majority
of the StatusD participants. However, of the 3408 persons in StatusD, 62 persons were excluded after
indicating on their questionnaire that they consumed vitamin D-containing supplements due to one of
the abovementioned criteria set forth by the Danish Health Authority. Of these 62 persons, 3 answered
that they had dark skin, 4 wore protective clothing or covering during the summer, 39 were rarely
outside or actively avoided sunlight, 14 were at increased risk of developing osteoporosis, and 2 were
pregnant at time of inclusion. A further 87 persons were excluded, as they did not complete an autumn
questionnaire, where the questions on sun behavior were included. The analyses in this paper are
limited to sun behavior on a day off, as we believe this to be a better reflection of a person’s true sun
behavior than on workdays. Therefore, a further 65 persons were excluded as they responded that
they were not outside at any time on a day off during the week. The total study population for this
paper is therefore 3194 persons, encompassing 569 children (<18 years) and 2625 adults (ě18 years).
2.2. Measurement of Vitamin D Status
Serum samples were analyzed for 25-hydroxyvitamin D (25(OH)D, hence denoted vitamin
D) concentrations as the sum of 25(OH)D3 and 25(OH)D2) as previously described [21] a Statens
Serum Institute. T is was done by liquid chromatography-tandem ma s sp ctrome ry (LC-MSMS,
Copenhagen, Denmark) in positive mode using the “MSMS vitamin D” kit from Perkin Elmer
(Waltham, MA, USA). Statens Serum Institute participates in DEQAS (Vitamin D External Quality
Assessment program).
The samples were run in a randomized order, but spring and autumn samples for each person
were analyzed in th same run. All sa pl s wer measured by single determination. The precisi
study i clud 5 runs conducted by 1 operator. Within-r n precisio was calculated from 3 replicates
for each sample, and between-run precision was calculated from the average valu s or each run; the
t tal coefficient of variation was below 15%.
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2.3. Questionnaire Information and Exposure Definition
Participants were recruited either during the spring or during the autumn and filled in an
electronic questionnaire, encompassing questions on background (education, employment, housing
type, and ethnicity), lifestyle, diet, use of dietary supplements and sun behavior. The questionnaire we
have used is not validated in its entirety, but is a combination of questions from three questionnaires,
including one used to collect data in the Diet, Cancer and Health cohort (dietary and lifestyle
questions) [22] and one used to collect data on adherence to the sun exposure guidelines [23].
The questions on use of supplements and ethnicity come from a third questionnaire used in the
VitmaD project [24].
Participants filled in a questionnaire at both blood samplings, meaning that an autumn
blood sample can be combined with an autumn questionnaire and vice versa for the spring.
As the questionnaire was completed electronically, there was no possibility to skip a question.
The questionnaire for the children was either filled in by a parent, in collaboration with the child,
or, for the older children, by themselves. Children aged 15–18 filled in an adult questionnaire,
which had slightly more questions (on, e.g., smoking and alcohol) than the children’s questionnaire.
The children were specifically asked whether their day care/kindergarten/after school club (hence
termed “institution”) had guidelines regarding sun exposure. Height and weight were measured at
the study center by trained personnel and used to calculate BMI (kg/m2) for adults. BMI z-scores
were calculated for children between 2 and 17 years using z-score data tables [25] and cut-offs for
overweight were used according to the WHO guidelines [26].
In the autumn questionnaire, participants were asked about their sun exposure behavior on a
sunny day off between 12 and 3 p.m. There were four questions asking them whether they: (1) Seek
shade; (2) Wear a sunhat; (3) Wear clothing that covers body, upper arms and thighs; and (4) Use
sunscreen. For each question there was 4 possible answers: “Always”, “Often”, “Occasionally”,
and “No”. Furthermore, they were asked how many days off during a week that they were outside
for shorter or longer periods of time. Finally, the participants were asked for how many minutes or
hours they were outside on a typical day off in the time periods 9 a.m.–12 p.m., 12–3 p.m. and 3–6 p.m.
On the question of sun exposure guidelines in the institution, possible answers were: “Yes”, “No”,
and “Unsure”.
We looked at spring and autumn vitamin D status separately in combination with each of the four
sun exposure guidelines as well as in a combined index with yes/no combinations for each of the four
guidelines (with 5 categories ranging from 0: fulfilled 0 of the sun exposure guidelines to 4: fulfilled
4 guidelines). The answers “always” and “often” were combined to “yes”, while “no” included
“occasionally” and “no”. Furthermore, we investigated the odds ratio (OR) of having a low (ď25 or
ď50 nmol/L) or an adequate/high vitamin D (ě50 nmol/L) status in relation to the sun exposure
guidelines. Vitamin D below 25 nmol/L is termed vitamin D deficiency, whereas concentrations
between 25 and 50 nmol/L are termed insufficient [27]. For these analyses, four levels were assessed,
ranging from undesirable vitamin D levels to desirable vitamin D levels: (1) those having a vitamin D
level below 25 nmol/L during either spring or autumn (level 1); (2) those having a vitamin D level
below 50 nmol/L during both spring and autumn (level 2); (3) those having a vitamin D level equal
to or above 50 nmol/L during either spring or autumn (level 3); and (4) those having a vitamin D
level equal to or above 50 nmol/L during both spring and autumn (level 4). We would have liked to
include a level with those who have a vitamin D concentration below 25 nmol/L during both spring
and autumn, but only 20 persons (0.6% of StatusD) fulfilled this.
We also assessed the combined effect of adherence to the sun exposure guidelines and total sun
exposure during a day off between 9 a.m. and 6 p.m. Total sun exposure was calculated by multiplying
the amount of time (in hours) spent outside in the three time intervals, 9 a.m.–12 p.m., 12–3 p.m. and
3–6 p.m., with the number of days off and weighted according to the amount of expected UV-radiation
in that time interval. The UV index peaks between 12 and 3 p.m., where approximately half of the total
UV radiation for the entire day is found [28]. This therefore equaled to 50% for both 9 a.m.–12 p.m.
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and 3–6 p.m., meaning that, e.g., 1 h spent outside between 9 a.m. and 12 p.m. only counted as 0.5 h,
while 1 h between 12 and 3 p.m. counted as 1 h.
2.4. Statistical Analyses
All analyses were performed in SAS Enterprise ver 5.1 (SAS Institute Inc., Cary, NC, USA).
Vitamin D concentrations were tested for normal distribution using a QQ plot and assessed visually,
and no deviation from linearity was seen. Sex, age at first blood sampling and use of vitamin D
supplements were tested in a linear regression model using the PROC GLM procedure and found to
be significantly different for all three variables (p < 0.001) and therefore included as covariates in all
analyses. Analyses correlating vitamin D concentrations during either spring or autumn to adherence
to the sun exposure guidelines (also in the children’s institution) as well as the interaction models were
performed with linear regression using the PROC GLM procedure. The analyses on OR of having a
low or adequate/high vitamin D status in relation to sun exposure guidelines were performed with
logistic regression using the PROC GENMOD procedure.
All analyses were conducted separately for children (<18 years) and adults (ě18 years). Persons
were designated as vitamin D users if they consumed any supplement containing vitamin D as
indicated on their spring questionnaire; this questionnaire was chosen, as we assessed this to be the
best reflection of supplement use, since supplements are more often taken during autumn and winter.
There were 22 women (1%) who became pregnant between the two blood samplings, and sensitivity
analyses were performed to assess the possible impact of this. No changes in the results were seen,
and they were included in the final data analyses.
3. Results
Children in StatusD ranged from 2 to 18 years, and 63% were in the age group 6–15 years.
There were almost equal numbers of boys and girls. Many of the children reported being physically
active during their leisure time (87%), and 37% reported taking supplements containing vitamin D.
For adults, there was an almost even distribution in the five age groups, with slightly fewer in the
youngest age group (18–29; 14%) and slightly more in the age group 40–49 years (26%). More women
than men participated (59% vs. 41%), and the majority of the adult population were non-smokers
(58%). Similar to the children, the majority were physically active (75%) and 42% reported taking
supplements containing vitamin D. Almost half (46%) were in the normal BMI range of 18.5–25, while
38% were overweight (BMI 25–30) and 15% were obese (BMI 30+) (Table 1).
Table 1. Distribution of selected variables among StatusD participants a.
Children (n = 569) Adults (n = 2625)
Age
ě2–<6 91 (16%) -
ě6–<15 360 (63%) -
ě15–<18 118 (21%) -
ě18–<29 - 367 (14%)
ě30–<39 - 508 (19%)
ě40–<49 - 681 (26%)
ě50–<59 - 595 (21%)
ě60 - 514 (20%)
Sex
Men 281 (49%) 1063 (41%)
Women 288 (51%) 1562 (59%)
Smoking
Never - 1528 (58%)
Former/occasional - 712 (27%)
Current - 385 (15%)
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Table 1. Cont.
Children (n = 569) Adults (n = 2625)
Physical activity
Yes 493 (87%) 1978 (75%)
No 76 (13%) 647 (25%)
Use of supplements containing vitamin D
Yes 213 (37%) 1092 (42%)
No 356 (63%) 1533 (58%)
BMI
<18.5 - 32 (1%)
ě18.5–ď25 - 1220 (46%)
>25–ď30 - 986 (38%)
>30 - 387 (15%)
Adherence to sun exposure guideline on shade
Always 15 (3%) 217 (8%)
Often 117 (21%) 832 (32%)
Occasionally 327 (57%) 1172 (45%)
No 110 (19%) 404 (15%)
Adherence to sun exposure guideline on sunhat
Always 16 (3%) 126 (5%)
Often 50 (9%) 243 (9%)
Occasionally 110 (19%) 425 (16%)
No 393 (69%) 1831 (70%)
Adherence to sun exposure guideline on protective clothing
Always 49 (9%) 164 (6%)
Often 143 (25%) 568 (22%)
Occasionally 216 (38%) 898 (34%)
No 161 (28%) 995 (38%)
Adherence to sun exposure guideline on sunscreen
Always 168 (30%) 478 (18%)
Often 207 (36%) 790 (30%)
Occasionally 142 (25%) 813 (31%)
No 52 (9%) 544 (21%)
Adherence to combined sun exposure guideline index
0 guideline 122 (21%) 703 (27%)
1 guideline 236 (42%) 924 (35%)
2 guidelines 122 (21%) 604 (23%)
3 guidelines 71 (13%) 290 (11%)
4 guidelines 18 (3%) 104 (4%)
Vitamin D groupings based on status b
Level 1: <25 nmol/L either spring or autumn 75 (13%) 294 (11%)
Level 2: <50 nmol/L both spring and autumn 81 (14%) 350 (13%)
Level 3: ě50 nmol/L either spring or autumn 488 (86%) 2275 (87%)
Level 4: ě50 nmol/L both spring and autumn 204 (36%) 1235 (47%)
a Number (n) and % out of total children (n = 569) or total adults (n = 2625); b The levels are not mutually
exclusive and do therefore not combine to 100%. The numbers show how many children or adults (%) are
included in each individual level.
Table 1 also shows the distribution for both children and adults with regard to the sun exposure
guidelines. The sun exposure guideline that was adhered to the least concerns the use of sunhat, where
69% of the children and 70% of the adults replied that they never wore a sunhat. However, most
children replied that they always or often wore sunscreen (30% and 36%, total 66%), and almost half of
the adults wore sunscreen (18% and 30%, total 48%).
Median (5%–95%) concentrations of vitamin D among children were 67.4 nmol/L
(40.3–99.0 nmol/L) and 44.0 nmol/L (18.5–84.2 nmol/L) in the autumn and spring, respectively. When
limited to those without use of vitamin D supplements, the concentrations were slightly lower (median
(5%–95%) in autumn: 65.9 nmol/L (38.6–100.5 nmol/L); in spring: 36.3 nmol/L (16.7–71.3 nmol/L)).
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Among adults, median (5%–95%) concentrations of vitamin D were 72.2 nmol/L (38.8–114.1 nmol/L)
and 50.0 nmol/L (19.0–98.2 nmol/L) in the autumn and spring, respectively. When limited to those
without use of vitamin D supplements, the concentrations were slightly lower (median (5%–95%)
in autumn: 68.4 nmol/L (36.1–111.6 nmol/L); in spring: 40.0 nmol/L (16.5–84.6 nmol/L)) (results
not shown in table). These values are in Table 1 combined to illustrate the number of children and
adults, respectively, which have concentrations that fall below the recommended level of 50 nmol/L.
Only 14% of children and 13% of adults have vitamin D concentrations below 50 nmol/L during both
spring and autumn (level 2); most have concentrations below 50% during spring that then rise above
50 nmol/L during autumn. However, 13% of children and 11% of adults have concentrations below
25 nmol/L during either spring or autumn (level 2). Almost half (47%) of adults have concentrations
above 50 nmol/L during both spring and autumn (level 4).
Table 2 shows the relationship between adherence to the sun exposure guidelines or the combined
index and vitamin D concentrations. For children, no significant associations with vitamin D
concentrations were seen during spring or autumn for any of the guidelines or the index. For adults,
significantly lower vitamin D concentrations were seen for the sun exposure guidelines on seeking
shade and for wearing protective clothing as well as in relation to adherence to the combined index.
Those who always sought shade had 9.9 nmol/L lower vitamin D concentrations in autumn (95% CI:
´12.5–´6.2)); the value was slightly less in spring (´7.2 nmol/L (´11.0–´3.6 nmol/L)). Those who
often or occasionally sought shade also had significantly lower vitamin D concentrations (however
only significantly for those who often sought shade in autumn). The same pattern was seen for those
who wore protective clothing, with the greatest difference seen in the autumn concentrations and for
those who always followed the guideline (´9.9 nmol/L (´13.6–´6.2 nmol/L)), but those who often or
occasionally followed the guidelines also had significantly lower concentrations of vitamin D. For the
index, increasingly lower vitamin D concentrations were seen among those who followed one or more
guidelines with the clearest pattern seen in autumn and for those who followed all four guidelines
(´9.7 nmol/L (´14.3–´5.1 nmol/L)).
We also assessed how adherence to the sun exposure guidelines was associated with the OR of
having low vitamin D status (level 1: <25 nmol/L either spring or autumn; level 2: <50 nmol/L both
spring and autumn) (Table 3). For children, there were very few significant results. Always adhering
to the sun exposure guidelines concerning shade, sunhat or wearing protective clothing was associated
with a higher OR of belonging to level 1. Likewise, those who always sought shade had a higher OR of
belonging to level 2. For adults, there was a higher OR of belonging to levels 1 and 2 among those
who always or often followed the guideline concerning shade. The highest OR was seen for those
who often sought shade; they had an OR (95% confidence interval (CI)) of 2.17 (1.50–5.15) of having
vitamin D status below 50 nmol/L during both spring and autumn. The same tendency was seen for
the guideline on wearing protective clothing, where all categories were associated with a higher OR
of having lower vitamin D status. The highest OR was seen for those who always wore protective
clothing, as they had an OR (95% CI) of 3.19 (1.98–5.16) of having vitamin D concentrations below 25
nmol/L during either spring or autumn.
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Table 2. Difference in vitamin D concentrations (nmol/L) according to adherence to the sun exposure
guidelines and the combined index when the sun is shining between 12 and 3 p.m. in children (n = 569)
and adults (n = 2625) in StatusD a.
Children Adults
Spring (β (95% CI)) Autumn (β (95% CI)) Spring (β (95% CI)) Autumn (β (95% CI))
Shade
Always ´9.7 (´20.6–1.3) ´13.5 (´23.3–3.6) ´7.2 (´11.0–´3.6) ´9.9 (´12.5–´6.2)
Often ´0.3 (´5.1–4.4) ´3.2 (´7.8–1.5) ´7.2 (´9.9–´4.6) ´7.6 (´10.3–´5.0)
Occasionally 0.6 (´3.3–4.5) 1.6 (´2.3–5.4) ´3.7 (´6.2–´1.3) ´2.3 (´4.8–0.2)
No 0 0 0 0
Sunhat
Always 3.5 (´6.4–13.4) 3.9 (´5.5–13.3) ´2.9 (´6.9–1.2) ´2.6 (´6.7–1.5)
Often ´1.3 (´7.1–4.4) ´1.9 (´7.6–3.8) ´1.3 (´4.3–1.8) ´1.0 (´4.0–2.1)
Occasionally 2.5 (´1.8–4.5) ´0.7 (´5.0–3.5) 0.3 (´2.1–2.7) 0.7 (´1.7–3.1)
No 0 0 0 0
Clothing
Always ´4.8 (´10.8–1.1) ´4.4 (´10.3–1.5) ´9.1 (´12.7–´5.4) ´9.9 (´13.6–´6.2)
Often ´3.7 (´8.1–0.7) ´3.3 (´7.6–3.8) ´6.8 (´9.1–´4.5) ´8.1 (´10.4–´5.8)
Occasionally ´1.0 (´4.7–2.8) ´0.7 (´5.0–3.5) ´4.5 (´6.5–´2.5) ´4.7 (´6.7–´2.7)
No 0 0 0 0
Sunscreen
Always ´2.0 (´4.0–8.1) 1.9 (´4.1–7.9) 2.6 (´0.3–5.5) 1.1 (´1.8–4.0)
Often ´1.1 (´6.8–4.5) ´0.3 (´5.9–5.3) 0.8 (´1.7–3.4) ´1.2 (´3.7–1.4)
Occasionally ´2.7 (´8.5–3.0) ´2.2 (´8.0–3.6) 1.8 (´0.7–4.2) 0.1 (´2.4–2.5)
No 0 0 0 0
Index b
0 0 0 0 0
1 ´0.2 (´4.2–3.9) ´0.7 (´4.7–3.3) ´2.7 (´4.8–´0.5) ´2.9 (´5.1–´0.7)
2 ´1.4 (´6.2–3.4) ´3.7 (´8.4–1.0) ´4.9 (´7.3–´2.5) ´6.8 (´9.2–´4.4)
3 ´2.2 (´7.9–3.5) ´4.4 (´10.0–1.2) ´5.0 (´8.0–´2.0) ´6.3 (´9.4–´3.3)
4 ´2.4 (´12.1–7.2) ´0.2 (´9.4–9.0) ´7.1 (´11.7–´2.5) ´9.7 (´14.3–´5.1)
a Analyses were adjusted for sex, age and use of supplements containing vitamin D; b The answers “always”
and “often” were combined to “yes” for each sun exposure guideline, while “no” included “occasionally”
and “no”.
Table 3. Adherence to sun exposure guidelines in relation to odds ratio (OR) of having low vitamin D
status a.
Children (n = 569) Adults (n = 2625)
Level 1 b (OR (95% CI)) Level 2 c (OR (95% CI)) Level 1 b (OR (95% CI)) Level 2 c (OR (95% CI))
Shade
Always 3.73 (1.02–13.60) 4.91 (1.47–16.43) 2.10 (1.20–3.69) 1.61 (0.95–2.71)
Often 1.62 (0.72–3.62) 1.14 (0.55–2.37) 2.09 (1.38–3.15) 2.17 (1.50–3.15)
Occasionally 0.88 (0.45–1.72) 0.70 (0.38–1.30) 1.31 (0.88–1.96) 1.16 (0.80–1.69)
No 1 1 1 1
Sunhat
Always 7.26 (1.39–37.81) - 1.48 (0.82–2.66) 1.22 (0.72–2.06)
Often 1.04 (0.27–3.91) 1.16 (0.37–3.64) 1.22 (0.79–1.87) 0.93 (0.62–1.40)
Occasionally 1.37 (0.58–3.24) 1.85 (0.91–3.75) 0.70 (0.47–1.05) 0.76 (0.53–1.07)
No 1 1 1 1
Clothing
Always 3.59 (1.47–8.74) 2.16 (0.94–4.96) 3.19 (1.98–5.16) 3.09 (2.01–4.74)
Often 1.40 (0.65–3.00) 0.87 (0.43–1.78) 2.31 (1.64–3.25) 1.90 (1.39–2.61)
Occasionally 1.13 (0.58–2.18) 0.73 (0.40–1.33) 1.37 (0.99–1.89) 1.47 (1.10–1.96)
No 1 1 1 1
Sunscreen
Always 1.29 (0.46–3.64) 1.20 (0.45–3.23) 0.70 (0.45–1.07) 0.81 (0.55–1.21)
Often 1.32 (0.53–3.26) 1.41 (0.58–3.41) 0.80 (0.56–1.14) 0.97 (0.70–1.35)
Occasionally 2.36 (0.98–5.70) 1.80 (0.75–4.34) 0.70 (0.49–0.99) 0.86 (0.63–1.19)
No 1 1 1 1
a Analyses were adjusted for sex, age and use of supplements containing vitamin D; b Level 1: <25 nmol/L
either spring or autumn; c Level 2: <50 nmol/L both spring and autumn.
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For the combined index, a pattern of having higher OR of low vitamin D status in relation to
greater adherence to the index was seen for adults but not for children (Figure 2). Those who adhered
to two or more guidelines had a higher OR of having vitamin D concentrations below 25 nmol/L
(level 1), and those who adhered to all four guidelines had the highest OR: 3.32 (95% CI: 1.81–6.10).
The same was true for level 2, where also those who only followed one guideline had a higher OR of
having vitamin D concentrations below 50 nmol/L during both autumn and spring. The highest OR
was again seen for those who followed all four guidelines (OR (95% CI): 2.58 (1.46–2.57)).
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Figure 2. Adherence to the combined sun exposure guideline index and odds ratio (OR) and 95% CI 
of having low vitamin D (levels 1 and 2) among children, n = 569 (a) and adults, n = 2625 (b). 
Table 4 shows how adherence  to  the sun exposure guidelines was associated with  the OR of 
having adequate or high vitamin D status (level 3: ≥50 nmol/L either spring or autumn; level 4: ≥50 
nmol/L both spring and autumn). For children, almost no significant results were seen; only those 
who always adhered to the guideline concerning shade had a lower OR of belonging to level 3. For 
adults, there was a consistently lower OR of belonging to both level 3 and 4 among those who always, 
often or occasionally followed the guideline concerning clothing. The lowest OR was seen for those 
who always followed the guideline (OR (95% CI) for level 3: 0.32 (0.21–0.50)). A lower OR was also 
seen concerning the guideline on shade. On the contrary, those who often or always used sunscreen 
had a higher OR of belonging to level 4 (OR (95% CI) for always: 1.68 (1.25–2.25)). 
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(95% CI)) 
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Always  0.20 (0.06–0.68)  0.17 (0.02–1.46)  0.62 (0.37–1.05)  0.64 (0.43–0.93) 
Often  0.88 (0.42–1.83)  0.99 (0.54–1.81)  0.46 (0.32–0.67)  0.55 (0.42–0.72) 
Occasionally  1.43 (0.77–2.66)  1.07 (0.65–1.78)  0.86 (0.59–1.24)  0.78 (0.60–1.01) 
No  1  1  1  1 
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Always  ‐  0.75 (0.23–2.40)  0.82 (0.48–1.38)  0.70 (0.46–1.05) 
Often  0.86 (0.27–2.68)  0.67 (0.32–1.39)  1.08 (0.71–1.62)  1.07 (0.79–1.46) 
Occasionally  0.54 (0.27–1.09)  1.16 (0.69–1.95)  1.32 (0.94–1.87)  1.19 (0.93–1.51) 
No  1  1  1  1 
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Figure 2. Adherence to the combined sun exposure guideline index and odds ratio (OR) and 95% CI of
having low vitamin D (levels 1 and 2) among children, n = 569 (a) and adults, n = 2625 (b).
able 4 sho s ho adherence to the sun expos re gui eli es as ass ci t it t f
i t r i ita in status (level 3: ě50 nmol/L either spring or autumn; level 4:
ě50 nmol/L both spring and autumn). For children, almo t no sig ificant results w re seen; only
those who always a hered to the guideli e concerning shade had a lower OR of belonging to level 3.
For adults, there was a consistently lower OR f belonging to both level 3 and 4 among those who
always, often or occasionally followed the guideline concerni clothing. The lo e t OR was seen
for those who always followe the guideline (OR (95% CI) for level 3: 0.32 (0.21–0.50)). A lo er OR
was also s en conc rning the guidelin on shade. On the contrary, those who often or always used
sunscreen had a high r OR of belonging to level 4 (OR (95% CI) for always: 1.68 (1.25–2.25)).
Lower OR of having adequate or high vitamin D status during autumn and spring (level 4) in
relation to adher nce to the combined in ex was s en am ng adults only or those who ad ered to
two guidelines with an OR (95% CI) of 0.72 (0.56–0.92) but with a tendency towards lower status for
all index categories (Figure 3). However, those who adhered to 1–4 guidelines all had a lower OR
of belonging to level 3 and therefore of having adequate vitamin D concentrations. The lowest OR
was seen for those who adhered to all four guidelines (OR (95% CI): 0.39 (0.22–0.69)). No significant
associations were seen for children.
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Table 4. Adherence to sun exposure guidelines in relation to odds ratio (OR) of having adequate/high
vitamin D status a.
Children (n = 569) Adults (n = 2625)
Level 3 b (OR (95% CI)) Level 4 c (OR (95% CI)) Level 3 b (OR (95% CI)) Level 4 c (OR (95% CI))
Shade
Always 0.20 (0.06–0.68) 0.17 (0.02–1.46) 0.62 (0.37–1.05) 0.64 (0.43–0.93)
Often 0.88 (0.42–1.83) 0.99 (0.54–1.81) 0.46 (0.32–0.67) 0.55 (0.42–0.72)
Occasionally 1.43 (0.77–2.66) 1.07 (0.65–1.78) 0.86 (0.59–1.24) 0.78 (0.60–1.01)
No 1 1 1 1
Sunhat
Always - 0.75 (0.23–2.40) 0.82 (0.48–1.38) 0.70 (0.46–1.05)
Often 0.86 (0.27–2.68) 0.67 (0.32–1.39) 1.08 (0.71–1.62) 1.07 (0.79–1.46)
Occasionally 0.54 (0.27–1.09) 1.16 (0.69–1.95) 1.32 (0.94–1.87) 1.19 (0.93–1.51)
No 1 1 1 1
Clothing
Always 0.46 (0.20–1.07) 0.81 (0.37–1.76) 0.32 (0.21–0.50) 0.49 (0.33–0.72)
Often 1.14 (0.56–2.34) 0.58 (0.33–1.02) 0.53 (0.38–0.72) 0.53 (0.42–0.68)
Occasionally 1.37 (0.75–2.50) 1.11 (0.69–1.80) 0.68 (0.51–0.91) 0.71 (0.58–0.88)
No 1 1 1 1
Sunscreen
Always 0.83 (0.31–2.24) 1.74 (0.77–3.94) 1.23 (0.83–1.82) 1.68 (1.25–2.25)
Often 0.71 (0.29–1.72) 1.24 (0.57–2.71) 1.03 (0.74–1.43) 1.38 (1.06–1.79)
Occasionally 0.55 (0.23–1.33) 1.16 (0.52–2.60) 1.16 (0.84–1.60) 1.27 (0.99–1.63)
No 1 1 1 1
a Analyses were adjusted for sex, age and use of supplements containing vitamin D; b Level 3: ě50 nmol/L
either spring or autumn; c Level 4: ě50 nmol/L both spring and autumn.
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Always  0.46 (0.20–1.07)  0.81 (0.37–1.76)  0.32 (0.21–0.50)  0.49 (0.33–0.72) 
Often  1.14 (0.56–2.34)  0.58 (0.33–1.02)  0.53 (0.38–0.72)  0.53 (0.42–0.68) 
Occasionally  1.37 (0.75–2.50)  1.11 (0.69–1.80)  0.68 (0.51–0.91)  0.71 (0.58–0.88) 
No  1  1  1  1 
Sunscreen         
Always  0.83 (0.31–2.24)  1.74 (0.77–3.94)  1.23 (0.83–1.82)  1.68 (1.25–2.25) 
Often  0.71 (0.29–1.72)  1.24 (0.57–2.71)  1.03 (0.74–1.43)  1.38 (1.0 .79) 
Occasionally  0.55 (0.23–1.33)  1.16 (0.52–2.60)  1.16 (0.84–1.60)  1.27 (0.99–1.63) 
No  1  1  1  1 
a Analyses were adjusted for sex, age and use of supplements containing vitamin D; b Level 3: ≥50 
nmol/L either spring or autumn; c Level 4: ≥50 nmol/L both spring and autumn. 
Lower OR of having adequate or high vitamin D status during autumn and spring (level 4) in 
relation to adherence to the combined index was seen among adults only for those who adhered to 
two guidelines with an OR (95% CI) of 0.72 (0.56 0.92) but with a tendency towards lower status for 
all index categories (Figure 3). However, those who adhered to 1–4 guidelines all had a lower OR of 
belonging to level 3 and therefore of having adequate vitamin D concentrations. The lowest OR was 
seen  for  t ose wh   dhered  to all  four guidelines  (OR  (95% CI):  0.39  (0.22–0.69)). No  significant 
associations were seen for children. 
 
Figure 3. Adherence to the combined sun exposure guideline index and odds ratio (OR and 95% CI) 
of having adequate/high vitamin D (levels 3 and 4) among children, n = 569 (a) and adults, n = 2625 
(b). 
Children between 2 and 15 years were asked whether their institution had guidelines regarding 
sun protection. Out of 440 children, 203 (46%) replied yes, 60 (14%) replied no, while 177 (40%) replied 
that they were unsure. There were no significant differences in vitamin D status, spring or autumn, 
for those with sun exposure guidelines in their institution compared to those without (Table 5). The 
same was true for those that were unsure. We were unable to perform analyses on the 2–6 year olds 
separately, as only one person answered that there were no sun exposure guidelines in the institution, 
and only six were unsure (compared to 78 who answered yes). 
Table 5. Vitamin D concentrations among children (2–15 years) in relation to sun exposure guidelines 
in the Day care/kindergarten/after school club a. 
Spring (Slope (95% CI)) Autumn (Slope (95% CI)) 
Yes  −0.18 (−5.69–5.32)  −1.89 (−7.15–3.36) 
Unsure  −0.090 (−5.32–5.14)  −3.05 (−8.01–1.90) 
Figure 3. Adherence to the combined sun exposure guideline index and odds ratio (OR and 95% CI) of
having adequate/high vitamin D (levels 3 and 4) among children, n = 569 (a) and adults, n = 2625 (b).
Children between 2 and 15 years were asked whether their institution had guidelines regarding
sun protection. Out of 440 child en, 203 (46%) replied yes, 60 (14%) replied no, while 177 (40%)
replied that they were unsure. There were no significant differences in vitam n D status, spring or
autumn, for those with sun xposure guidelines in thei i stitution compared to those without (Table 5).
The same was true for those that wer u sur . We were u able to p rform analyses n the 2–6 year olds
separately, as only n person answered that th were no sun exposure guideli es in the institution,
and on six were unsure (compar d to 78 w o answ red yes).
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Table 5. Vitamin D concentrations among children (2–15 years) in relation to sun exposure guidelines
in the Day care/kindergarten/after school club a.
Spring (Slope (95% CI)) Autumn (Slope (95% CI))
Yes ´0.18 (´5.69–5.32) ´1.89 (´7.15–3.36)
Unsure ´0.090 (´5.32–5.14) ´3.05 (´8.01–1.90)
No 0 0
a Analyses were adjusted for sex, age and use of supplements containing vitamin D.
Adjustment for the potential confounders physical activity and BMI (kg/m2) (BMI z-scores for
children), as well as smoking for adults only, was evaluated, but the changes were negligible, and the
results are not shown. Analyses combining exposure time and sun exposure guidelines are shown
in Table S1. Significant associations were only seen for children who adhered to the sun exposure
guideline concerning shade.
4. Discussion
In this study on vitamin D among 3194 Danes recruited from the general Danish population,
seeking shade and wearing protective clothing was significantly associated with lower vitamin D status
in adults but not in children. Wearing a sunhat or using sunscreen was not significantly associated
with lower vitamin D status among adults or children. Increasingly lower concentrations of vitamin
D were found for adults who adhered to one or more of the sun exposure guidelines, and the lowest
concentrations were seen for those who adhered to all four guidelines. The OR of having low vitamin
D status during spring and/or autumn (assessed both at below 25 nmol/L and 50 nmol/L) was higher
for those who always or often sought shade or wore protective clothing among adults. Conversely, the
OR of having vitamin D concentrations above 50 nmol/L was lower for those who adhered to the same
guidelines on shade and clothing. However, there was a higher OR of having vitamin D concentrations
above 50 nmol/L for those who always or often wore sunscreen. No association between having sun
exposure guidelines in children’s institutions and vitamin D concentrations was found.
Our results are consistent with a study performed in an American population where an association
between sun protective behaviors and lower vitamin D concentrations was found. Here it was
likewise seen that staying in the shade or wearing long sleeves was associated with lower vitamin D
concentrations. Wearing a sunhat was not associated with lower vitamin D concentrations [29]. We
also did not find that use of sunhat was associated with lower vitamin D concentrations. It is plausible
that use of sunhat would not lead to lower vitamin D status, as a sunhat only covers a very small part
of the body and thus only limits sun exposure slightly. However, it should be noted that 69% and 70%
of children and adults, respectively, reported that they do not wear a sunhat when sun exposed.
There has been concern that frequent sunscreen use could lead to lower vitamin D synthesis in
the skin, as this has been seen in strictly controlled situations [30]. However, we found that adults who
used sunscreen had a higher OR of having vitamin D concentrations above 50 nmol/L during both
autumn and spring. Sunscreens are often applied before intentional sun exposure, and it is therefore
likely that the observed association is primarily a reflection of prolonged sun exposure [31]. It could
also be that the sunscreen was applied incorrectly or irregularly or with a low SPF.
In this study, we have repeated measures for 92% of our study participants, including both a
spring and an autumn measurement, which is a considerable strength. While no vitamin D synthesis
takes place between October to March in Denmark, the spring level is still a reflection of the synthesis
that occurs during the summer months, and the two measures in combination give a much clearer
picture of seasonal variation than a single measurement. Furthermore, vitamin D measurements were
performed using LC-MS, which is considered to be the most reliable laboratory method for analyzing
vitamin D [32]. Validity and comparability of vitamin D measurements is an important factor to
consider when comparing studies on vitamin D [33]. Finally, persons were recruited from the general
population, and we included both children and adults.
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Our study also had some limitations. The answers to the sun exposure guidelines were
self-reported, and we only have one questionnaire that captured these for each person. Validation
studies have shown that exposure to UV radiation assessed by retrospective questionnaires is only
accurate for short period [34] but cannot be inferred directly between questionnaire and measured
radiation for longer periods [35]. Thus, coincidence between, e.g., seeking shade and low exposure
may have influenced the results. Furthermore, we did not collect information on chronic illnesses.
Some chronic illnesses (e.g., kidney disease) may lead to lower vitamin D concentrations [36], thereby
potentially affecting the results, and it would have been preferable to have this information to adjust
accordingly for it.
In general, findings for adults and children were in the same direction, though more often
statistically significant among adults. The smaller number of participants and thereby lower statistical
strength may be part of the explanation for the non-significant estimates seen for children. Furthermore,
the overall participation rate was quite low. When comparing the StatusD population to the general
Danish population, our study population did seem to be slightly more health conscious: less obese,
fewer smokers, more physically active (comparisons not shown). Although it is not clear how these
factors could impact the associations studied, they may impact the external validity of the results.
Our findings are difficult to interpret in a public health context; the observational nature of
our study does not allow conclusions on how changes in sun habits would affect serum vitamin
D concentrations and furthermore, it is an ongoing discussion to what degree higher vitamin D
concentrations are causally related to improved public health. The present study raises the observation
that sun exposure guidelines may have lower population vitamin D status as a consequence. Further
studies are needed to answer whether the guidelines should be different in order to optimally balance
prevention of skin cancer with sufficient vitamin D status.
5. Conclusions
In the StatusD study, seeking shade or wearing protective clothing was associated with lower
vitamin D status among Danish adults, whereas use of sunscreen and sunhat was not. Those who
always or often sought shade or wore protective clothing also had a lower OR of having vitamin D
concentrations above 50 nmol/L.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/8/5/266/s1,
Table S1: Combined effect of adherence to sun advice and time spent outside: Effect on vitamin D (nmol/L) of
adherence to the four pieces of sun advice as well as the combined index in relation to total time spent outside
(per hour). The estimates show the effect on vitamin D (nmol/L) per each extra hour per day spent outside in
combination with sun advice and the combined index.
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